In addition to androgen, autonomic nerves may be involved in prostatic function. As patients with spinal cord injury (SCI) have impaired innervation of the prostate, the prostate volume and prostatespecific antigen (PSA) level in patients with SCI may be different from those of healthy men. Experiments in rats with SCI indicate that neurogenic factors play an important role in prostate growth and function but the same phenomena may not occur in men with SCI because the current animal models differ from clinical results in humans in several respects. Although many of studies indicate the importance of intact peripheral innervation on the secretory function of the prostate, the effect of more central denervation such as occurs in complete SCI at the cervical, thoracic, or lumbar levels on prostatic function is unclear. In addition, the impact of central nervous system injury on prostatic secretory activity, and consequently on serum PSA levels, is also not clear. Furthermore, the impact of hormonal changes on prostate cancer development and prognosis observed in patients with SCI may also be affected by the level of injury and patient age at the time of injury, which have not been studied. In this article, we review prostate activity and prostate cancer in SCI and discuss how they may relate to neurogenic factors.
Introduction
As a result of substantial improvements in surgery, urology and rehabilitation within the past 20 years, a significantly decreased morbidity and increased life expectancy have been achieved in men with spinal cord injury (SCI). 1 Today, the life expectancy for paraplegic patients does not differ from the life expectancy for the normal population. Therefore, most male patients with SCI are likely to encounter the problems of the aging male during their lifespan. Among men, prostate cancer is the most common cancer diagnosed, and the second leading cause of death from cancer in the industrialized countries. In 2005, approximately 232 090 American men will be diagnosed with prostate cancer, and 30 350 will die from this disease. 2 The prostate is one of the male accessory sex glands that produce fluid components of the seminal plasma. In addition to androgen, the extensive presence of adrenergic and cholinergic receptors in the prostate suggests that autonomic nerves may be involved in prostatic function. 3 As patients with SCI have impaired innervation of the prostate, the prostate volume and PSA level in patients with SCI may be different from those of healthy men. Although experiments in rats with SCI indicate that neurogenic factors play an important role in prostate growth and function, in human, the influence of neurogenic factors on prostate enlargement is not well examined. In this article, we review prostate activity in SCI and discuss how they may relate to neurogenic factors.
Effect of denervation on prostate
The prostate is innervated by branches of pelvic ganglia composed of pelvic (parasympathetic) and hypogastric (sympathetic) nerves. 4 In experimental animals, denervation of the prostate gland results in alterations of growth, cellular morphology and function. In the rat, the secretory function of prostate cells was reported to be affected by neural agents. 5, 6 It has been shown that in the rat, pelvic plexus denervation changes in the glandular epithelium. 7 Denervation of the prostate of the rat by surgical removal of the pelvic ganglion resulted in a decrease in organ weight, epithelial height and secretory activity of the prostate. 8 Botulimum toxin type A injection in the rat prostate, causing selective denervation, led to significant volume reduction of the gland. 9 Wang et al. 8 reported that the decrease in prostate weight after the removal of the pelvic ganglia was not associated with a decrease on DNA content per organ. These results suggest that a decrease in synthetic and/or secretory activities, rather than a decrease in cell number, might be responsible for the smaller prostate in the denervated animals. These results demonstrate the importance of normal innervation for the maintenance of the structural and functional integrity of the prostate.
Growth, and possibly function, of the prostate may also be compromised after SCI because SCI often results in neuropathic dysfunction of pelvic organs including prostate. The prostates of SCI rats were smaller than those of sham-operated control animals. 10, 11 More specifically, SCI in rats has been shown to alter prostatic cellular morphology and function. 12 Huang et al.
12
examined the effects of SCI on the androgen-related biochemical properties and morphology of the prostate in the rat at various times after surgically induced SCI. In rat prostate, there was an acute but temporal change in the autoregulation of androgen receptor mRNA by its own ligand shortly after SCI but a persistent elevation of testosterone-repressed prostate message (TRPM) 2 mRNA. The latter was associated with a decrease in prostate epithelial cell height and prostate weight. As serum testosterone in the SCI rats returned to normal level within 3 weeks of SCI, these abnormalities may result from a lack of normal androgen regulation of prostate function, perhaps attributable to the absence of normal innervation to the prostate after SCI. Together, these evidences point to a possible role for the autonomic nervous system in maintaining the normal prostate architecture and function.
Prostate volume in men with spinal cord injury
Contrary to animal experiments, human studies assessing prostate volume in men with SCI reported conflicting results (Table 1) . [13] [14] [15] In a study of humans, anatomy and innervation of the prostate gland were compared in men with and without SCI by transrectal ultrasound guided prostate biopsies. No significant differences in prostatic architecture were found but subtle differences in the patterns of autonomic (mainly adrenergic) innervation were noted in men with SCI. 16 These findings suggest that prostate development in patients with SCI closely resembles the normal development of the prostate in noninjured humans and that prostate dysfunction may be secondary to lack of neurological control of the organ.
Comparison of prostate volume in men with spinal cord injury and noninjured men Pannek et al.
14 evaluated the prostate size in 100 male patients with SCI and 575 noninjured men. They found no statistically significant difference was found in prostate size in any of the age groups although there was a trend toward a lower prostate volume in patients with SCI.
Prostate volume according to patient characteristics
Pannek et al.
14 found no significant difference in prostate size according to the completeness of the lesion, the level of the lesion or the duration of SCI. Inconsistent with these observations, Frisbie et al. 15 reported that the size of the prostate gland revealed smaller prostate glands in the severely paralyzed than the less severely paralyzed. The prostate glands in the severely paralyzed were also Prostate activity and prostate cancer SCI HB Shim et al smaller than those of the nonparalyzed urological patients and of the autopsied subjects. However, since examinations from the onset of paralysis over a period of years have not been carried out, it is not clear when the atrophy occurs.
Prostate volume according to age cohort
The growth of the prostate is related to aging. 17 Benaim et al. 13 have reported that patients with SCI do not show the expected age-related increase in prostate volume. In contrast to the group of Benaim et al. 13 and Pannek et al. 14 found that with increasing age, the mean prostate volume increased in the patients with SCI and in the control group.
Serum prostate-specific antigen levels in men with spinal cord injury Several investigators chose serum prostate-specific antigen (PSA) as a marker of prostatic function in men with SCI (Table 2) . [13] [14] [15] [18] [19] [20] [21] However, some conflicting results regarding serum PSA levels in SCI patients have been reported.
Comparison of serum prostate-specific antigen levels in men with spinal cord injury and noninjured men Lynne et al. 18 compared serum PSA concentrations in 21 SCI men and 22 noninjured normal men to determine if the prostate gland functions normally in SCI men. They suggest that prostatic secretory dysfunction is present in men with SCI because serum PSA concentrations were higher in SCI men than in noninjured men. However, subsequent studies have revealed that no statistically significant differences were found in serum PSA values between the SCI group and the non-SCI control group, 14, [18] [19] [20] [21] although there was a trend toward a lower serum PSA level in patients with SCI in the study of Pannek et al. 14 Pramudji et al. 21 presented the largest study concerning PSA levels in patients with SCI. They analyzed the PSA levels of 366 men with SCI aged 40-79 years and compared them with randomly selected age-matched controls from the Baylor community screening program database of more than 19 000 patient tests. They did not find significant age-related differences in the mean PSA value between patients with SCI and the noninjured control group. The range of PSA values and percent of study participants with PSA greater than 4 ng/ml were also similar in the two groups. Variation in serum PSA among studies may be attributed to asymptomatic urinary tract infection in patients with a neurogenic bladder. It has been previously observed that subclinical prostatitis may be correlated with high serum PSA, 22 which may be an explanation for the results of Lynne et al.
18
Serum prostate-specific antigen levels according to patient characteristics Most groups have demonstrated that patient characteristics, including a history of urinary tract infection, 18 a positive urine culture, 19 the bladder management techniques, 21 the level of SCI, 14, 19, 20 the completeness of the lesion, 14 or the duration of the lesion, 14, 20 do not influence the serum PSA values in the SCI groups. However, the presence of a catheter was noted as an independent factor that were correlated with higher serum PSA values in this group in some studies. 19 Furthermore, the level of the injury and its corresponding neurologic deficit may be important variable. In the study of Frisbie et al., 15 the PSA level of the severely paralyzed group tended to be lower than that of the less severely paralyzed group. When compared to the nonparalyzed urological patients and the healthy ablebodied, the difference was also easily significant.
Serum prostate-specific antigen levels according to age cohort
Although the serum PSA level of the patients with SCI showed this trend to a far lesser extent than that of noninjured men in some studies, 14 most investigators reported that serum PSA in men with SCI increased with age in a manner described previously in men without known prostatic diseases. 13, 19, 21 Thus, only a few patients exceeded the age-specific reference ranges 13 and the agespecific PSA values obtained in the SCI group were comparable to those reported for the general population. 19, 21 Particularly, Benaim et al. 13 suggest that the fact that the size of the prostate in patients with SCI did not increase at the same rate as seen in neurologically intact men despite normal serum PSA increase with age provides some evidence that some of the stimuli that promote prostate growth in men without SCI, are absent or altered in men who suffered from a SCI.
Seminal plasma prostate-specific antigen levels in men with spinal cord injury
Prostate-specific antigen is produced almost exclusively in the prostate epithelium and is normally regarded as an indicator of the activity in the prostate gland. Seminal plasma PSA concentration is approximately 10 5 -10 6 times higher than serum PSA concentration and the majority of PSA in seminal plasma is present in the catalytically active single-chain form. 23 Brasso et al. 24 evaluated the seminal plasma PSA concentrations in 16 patients with SCI compared to 20 normal controls. The concentration of PSA in seminal plasma depended on the level of SCI, with significantly lower concentrations in patients with lesions below T7 compared to both normal age-matched controls and patients with lesions at or above T7. No difference in seminal plasma PSA was found between patients with lesions at or above T7 and normal controls. This finding suggests that some neurogenically mediated factor plays a role in the PSA production and that this spinal cord level (T7) represents a crucial point in the neurogenic stimulation of the prostate gland. Lynne et al. 18 and Alexandrino et al. 20 also found that seminal PSA concentrations obtained from patients were lower than those obtained from controls. However, in the study of Alexandrino et al., 20 total seminal PSA was lower in patients compared to controls regardless of lesion level with no difference between levels at T7 and below T7. The results are shown in Table 3 . 18, 20, 24 Prostate cancer diagnosis in men with spinal cord injury It has been theorized that central denervation of an organ is protective against malignancy and changes in Prostate activity and prostate cancer SCI HB Shim et al the hypothalamic-pituitary-gonadal axis but no persuasive data are available. Historically, since SCI patients rarely survived into the years during which prostate cancer becomes a significant medical issue, they were not screened and death from prostate cancer in patients with SCI was rare. 25 Additional reasons for avoiding screening patients with SCI include the perception that chronic inflammation and catheterization frequently yield falsely elevated PSA levels in these patients, 18 that the abbreviated life expectancy diminishes the benefit of early detection that the decreased levels of circulating androgens experienced by patients with SCI 26,27 is thought to be somewhat protective, and decreased neurogenic stimulation of prostate growth is suspected in patients with a damaged spinal cord. 13, 18 In studies of patients with SCI, the incidence of prostate cancer has been found to be low compared with the general population. 28 Also, a retrospective analysis of the records from the Department of Veterans Affairs medical database for a 7-year period, 1986-1992, showed that severe paralysis due to myelopathy was a low risk factor for carcinoma of the prostate gland. 29 Frisbie 30 calculated the incidence among SCI patients at a single VA facility. The incidence of prostate cancer was lower in myelopathy patients with higher levels of paralysis (T10 or above) than in those with lesions at T11 or below. The incidence was 0 per 100 patient-years among 218 patients with complete C2 to T10 SCI and 2.1 per 100 patient-years among 60 patients with complete T11 to S1 SCI. However, this observation was based on clinically detected prostate cancer and patient groups were not age matched.
As the life expectancy of SCI patients approaches that of the general population, prostate cancer is likely to become a more clinically significant disease in these men. 31 Advanced prostate cancer has been shown to have significant effects on the quality of life and life expectancy of patients with SCI. 31 In a large SCI population, preliminary biopsy data implied that the rate of PSA detected cancer in SCI patients was similar to that in other populations. Recently, Scott et al. 32 reported that although the proportion of patients with a prostate cancer diagnosis was greater in the able-bodied patients, the prostate cancer detected in the patients with SCI tended to be of a more advanced stage and grade. The difference was likely a result of the decreased use of prostate cancer screening in this population because the average PSA level at diagnosis was 15.4 ng/ml in the able-bodied patients with prostate cancer, and the men with SCI and prostate cancer had an average PSA level at diagnosis of 28.5 ng/ml. However, the usefulness of enrolling them in screening programs is not clear at this time.
Prostate cancer treatment in men with spinal cord injury Theoretically, the low testosterone levels typical of patients with SCI may provide some protection against prostate cancer. 13, 25, 27, 33, 34 However, Several studies have supported a relationship between inflammation and the development of prostate cancer. 35, 36 Thus, the prostatic inflammation in patients with SCI may actually put these patients at increased risk of prostate cancer. Scott et al. 32 demonstrated that an increased rate of high-grade, highstage disease and a poor response to hormonal therapy in patients with SCI and prostate cancer compared with the able-bodied population with prostate cancer. The trend toward more rapid development of hormone resistance in patients with SCI and prostate cancer may be secondary to the higher grade and stage of the tumor at presentation. However, low pretreatment testosterone levels have been found to be associated with a poor prognosis from prostate cancer. 37, 38 Thus, the low androgen levels commonly observed in patients with SCI may actually worsen their prostate cancer outcome by increasing the tendency of their tumors to develop hormone resistance.
In a recent nationwide study by Gammon et al., 39 surgical approaches in SCI patients was especially difficult because of pressure ulcers, contractures, ectopic ossification and sequelae of the event that caused the SCI. Furthermore, urinary tract colonization and chronic prostatitis were common among SCI patients and increased the risk of wound infection.
Conclusions
Animal studies have demonstrated that the lack of neurological control of the prostate due to traumatic SCI generates atrophy and decreased function of the gland, as is also the case when the integrity of the peripheral innervation of the gland is lost. However, the same phenomena may not occur in men with SCI because the current animal models differ from clinical results in humans in several respects. Furthermore, the results of the majority of human studies may be considered preliminary, because of the small sample sizes, the different inclusion and exclusion criteria, the different duration of SCI, the different age range of the patients or the different assay used for measurements. A further cause of different results may be the various neurogenic bladder management techniques, which can cause recurrent urinary tract infection and/or direct prostate trauma. Nonetheless, these studies suggest hypotheses, which require evaluation in well-designed population-based studies. Although many of these studies indicate the importance of intact peripheral innervation on the secretory function of the prostate, the effect of more central Prostate activity and prostate cancer SCI HB Shim et al denervation such as occurs in complete SCI at the cervical, thoracic, or lumbar levels on prostatic function is unclear. In addition, the impact of central nervous system injury on prostatic secretory activity, and consequently on serum PSA levels, is also not clear. Furthermore, the impact of hormonal changes on prostate cancer development and prognosis observed in patients with SCI may also be affected by the level of injury and patient age at the time of injury, which have not been studied. Further studies on the possible effect of neurogenic stimulation of prostate activity in humans are warranted.
